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PROCEDURES AND EQUIPMENT FOR 
PROFILING AND JOINTING OF PIPES. 

This invention relates to procedures and equipment for 
profiling and jointing of pipes, and relates more 
particularly but not exclusively to methods and 
apparatus for the shaping and/or expansion and/or 
conjoining of tubular casings in wells. 



in the hydrocarbon exploration and production industry 
there is a requirement to deploy tubular casings in 
relatively narrow-bore wells, and to expand the 
11 deployed casing in situ. The casing may require to be 
expanded throughout its length in order to line a bore 
drxlled through" geological material ,- the casing may 
additionally or alternatively require to be expanded at 
15, one end where it, overlaps -and lies concentrically ' 

16 within another length - of previously deployed casing in ' 

17 order to form a swaged joint between thfc two lengths of 

18 casxng. .Proposals have been made that a slotted metal 
tube, be expanded by mechanically pulling a mandrel 
through the tube, and that a solid-walled steel tube be " 
expanded by hydraulically pushing a part-conical 
ceramic plunger through the tube. m both of these 
proposals, very high longitudinal forces would be 
exerted throughout the length of the tubing, which 
accordingly would require to be anchored at one end 
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1 Where mechanical pulling fs to be employed, the pulling 

2 force would require to be exerted through a drillstring 

3 (in relatively large diameter wells) or through coiled 

4 'tubing (in relatively small diameter wells). The 

5 necessary force would become harder to apply as the 

6 well became more deviated (i.e. more non- vertical ) , and 

7 in any event, coiled tubing may not tolerate high 

8 longitudinal' forces . Where hydraulic pushing is to be 

9 employed-, the required pressure may be hazardously 

10 high, and in any event the downhole system would 

11 require to be pressure -tight and substantially leak- 

12 free. (This would preclude the use of a hydraulically 

13 'pushed mandrel' fbr : the expansion of slotted tubes)'. 

14 The use of a f ixed-diameter * mandrel or % plug would make 

15 it impracticable or impossible to control or to vary 

16 post -deformation diameter after the start of the 

17 expansion 'procedure. ' : ' 

18 It is therefore an object of the invention to "provide 

19 new and improved procedures and equipment for the 

2 0 1 profiling or jointing of pipes or other hollow tubular 

21 articles/ which obviate or'mit'igate at least some of 

22 the disadvantages of the prior- art. 

23 In the following specification and claims, references 

24 ' j to a J "pipe" are to be taken as references to a hollow 

25 v tubular pipe and* to other forms of hollow tubular 

26 article, ' and references to "profiling" are to be taken 

27 as comprising alteration of shape and/or dimension(s) 

28 ^' " which alteration preferably takes place substantially 

29 Without removal of * material . 

30 . 

31 According to a~ first aspect of the present invention 

32 there is provided a profiling method for profiling a 

33 pipe* or other hollow tubular article, the profiling 
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1 .method comprising. the steps. of applying a roller means 

2 to a part of the pipe bore selected to be profiled, 

3 . translating the rolle r means across the bore .in ,a 

4 direction including a circumferential component while 
applying a force to the roller, means J.n a radially 
outwards direction with respect, to the longitudinal 
axis of the pipe, and continuing such translation and 
force application until the pipe is plastically 
def ormed substantially into . the. intended' prof ile . 



5 
6 
7 
8 
9 



10 
11 
12 



The , de format i6n of the p.ipe may be accomplished, by 
radial compression of., the^pipe. wall or by , 
C ^ -^ mf ere ^ tial stretching ; 9 f \ the. pipe wall , or. ,by a 

13 combination of such .radial .compression' and " 

14 circumferential stretching." .. ■ 



15 
16 



18 
19 
20 



22 
23 
24 
25 



27 
28 
29 
30 
31 



Said direction may be purely circumferential, or -said 
direction may partly circumferential and partly 



17 longitudinal .. 



Said roller means is preferably peripherally profiled 
to be complementary tp the profile into which the ... 
selected part of the ; pipe bore is intended -to be 



2 1 formed . 



The selected, part, of the pipe, bore may be .remote from 
an open end of the pipe,, and the profiling, method -then 
comprises the further steps of. inserting the .roller, 
means into the open end of the pipe. (if. the roller 
2 6 means is not already in the pipe)., and transferring the 
roller means along the pipe to the selected location. 
Transfer of the roller means is preferably accomplished 
by the step of actuating traction means coupled to .or 
forming part of the roller means and effective to apply 
along-pipe traction forces to the. roller means by 
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1 reaction against parts of the pipe bore adjacent the 

2 /roller means, 

3 The profiling method ' according to the first aspect of 

4 the present invention can' be applied to the profiling 

5 of ' casings 'and- liners 'deployed in a well (e.g. a 

6 hydrocarbon exploration or" production well) , and the 

7 ' profile "created - by use of the method may be a liner 

8 hanger , : or- a landing hippie, or another such downhole 

9 profile of the type * which previously had to "be provided 

10 ■" - by ^inserting ah annular articie or mechanism into the 

11 well, lowering it the "required^ depth",' and there" 

12 - 'anchoring it (wliich required eitheir J a" larger diameter 

13 o£ Well for- a given" through diameter, or a. restricted 

14 through diameter for 'a -given "well diameter/ together 

15 with the costs and inconvenience of manufacturing and 

16 installing : the art i ; cle^'or f 'mechanism) . Additionally ' or 

17 alternatively';' the prof il'irig method according' to the 

18 first aspect of the present*' invent i"6n can be applied to 

19 • • "increasing the - diameter of a complete length of pipe; 

20 for example, where a well has been cased to a certain 

21 -depth - (the casing having a substantial iy*' constant 

22 diameter) ,-• 'the r casing can be extended downwardly by 

23 lowering a further length of pipe (of lesser' diameter 

24 such that it freely passes down the previously 

25 installed casing) "to a 5 depth where 'the top of the 

26 ' further length' lies a short way into the lower end of 

27 the previously installed casing and there expanding the 

28 upper end 1 of the further length to form a joint with 

29 "the lower end of the previously installed casing (e.g. 
3 0 - ".by using the method according to the second aspect of 

31 r the present invention) , followed by circumferential 

32 expansion of the remainder' of the further length to 

33 match the bore of the previously installed casing. 
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1 : According to a second aspect of the present . invention 

2 there is provided a conjoining method for conjoining 

3 two pipes or other hollow tubular articles, said 

4 conjoining method comprising , the steps of locating one 

5 of the twp pipes within and longitudinally overlapping 

6 one of the other of the two. pipes, applying roller 

7 means to a , part of the bore of the inner . of the . two 
pipes at a location where it is intended ..that the. two 
..pipes be, conjoined, translating ,the : roller, means, across 
the bore. in a direction. including, a circumferential 
comppnent while ..applying ,a . radially" outwardly directed 

2 force to the., roller. means, ,apd continuing such : 

. : t 5^ S : 1 . at;L . on and f ojcpe, .application until the;,, inner ; pipe 
is plastical.ly def qr.med into permanent contact with the 
outer, pipe and, is thereby conjoined thereto. 

Said deformation may be .accomplished . by radial 
compression of, the pipe .wall or by ; . circumf erential 
stretching of _ the . pipe, wall , or- by a combination : of 
such radial, compression and. circumferential stretching. . 

Said direction, may be,, purely- circumferential , or said 
direction may.be partly .circumferential and partly,,, 
longitudinal. 

The location where the pipes, are intended: to be 
conjoined may be remote from an accessible end of the 
bore, and^the conjoining method then comprises the • 
further steps of . inserting the. roller . means into, the 
accessible end of the bore (if the roller means is not 
already in the bore) , and transferring the roller means 
to the intended location. Transfer of the roller means : 
is preferably accomplished. by the step of actuating - 
traction, means coupled to. or forming part of the rol.ler 
means and effective to apply along-bore traction forces 
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1- .. . to the roller means by reaction- against parts of the 

2 pipe bore adjacent the roller means.' 

3 .The^ conjoining, method according to the second aspect of 
4-. the, present invention- can be applied to the mutual' 

5 joining .of ■ successive lengths of casing 'or 'liner 

6 deployed in a* well (e.g. a ^hydrocarbon exploration or 

7 production - well) , - such that .conventional screw- threaded 

8 connectors are not required. 1 

9 According to. third aspect "of the -present invention, 1 

10 . ther.e , is provided expansion- apparat us for expanding a 

11 pipe or other hollow [tubular article, said' expansion 

12 .. apparatus comprising roller means constructed or ' : - 

13 adapted for; rolling deployment against the bore of the 

14 pipe , : said-roller , means, comprising at' least one ' set of 

15 individual rollers each mounted for -rotation about a 

16 , respective rotation axisv which is generally 'parallel to 

17 , .. the -longitudinal axis of , the- apparatus ; -the ; rotation 

18 axes of, said at least one , set- -of ^ rollers being 

19 circumf erentially . distributed around the* expansion 

20 apparatus and each -beings radially of f set ! * from -the 

21 longitudinal : axis of the expansion apparatus , • the - 

22 . expansion .apparatus -being selectively 1 rotatable around 

23 ;its longitudinal axis s : : " \ : - ^ - - .j . . * 1 

24 The rotation- axes of said at least -one set of rollers 

25 may conform to a • first regime in which each said - 

26 rotation axis is substantially' parallel to the 

27 ...longitudinal' axis of the expansion apparatus in a' 

28 .generally cylindrical configuration, or the rotation 

29 r axes of said at*, least one set of rollers may conform to 

30 a second regime in which each said rotation axis lies 

31 substantially in a respective radial plane including 

32 the . longitudinal axis of the expansion apparatus and 
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the rotation axes each converge substantially towards a 
common point substantially on the longitudinal axis of - 
the expansion apparatus in a generally conical 
configuration, or the rotation axes of said at least 
one set of. rollers, may conform to third regime in which 
each said rotation axis is. similarly skewed with " 
respect to the longitudinal axis of the expansion - 
apparatus in ; a. generally helical . configuration which 
maybe non- convergent (cylindrical), or convergent 
0 (conical) . Rollers in said first regime are 

particularly suited to. profiling and finish expansion 
of Pipes and other ,hollow...tubular articles-, rollers in 
a &&; e * e & x *& -regime- are. particularly., suited to - - , 
commencing .expansion, in, and;. to glaring of pipes, and 
other . hollow tubular articles ,~ iwhile rollers in said 
.. third regime, are suited to. providing longitudinal ' 

traction in addition to .such functions of the first or 
. second regimes, as- are provided by other facets of the 
roller, axes, besides ..skew,;,. The expansion apparatus may * 
have only a single such set of rollers, or the 
expansion apparatus, may have ; a plurality of such set's ' 
of rollers which may conform-, to, two. or more- of the-. 
aforesaid regimes of roller axis .alignments ; in a 
particular -example where . the. expansion apparatus has a 
set of rollers conforming to the ; second - regime located 
at leading end of the exemplary expansion apparatus and 
another set .of rollers conforming to -the 'first regime 
located elsewhere on the exemplary expansion -apparatus, " 
this exemplary expansion .apparatus is particularly 
suited to expanding complete lengths- of hollow tubular 
casing by reason of the conical ly .. disposed leading set 
of rollers opening up previously unexpanded casing and 
the following set of cylindrically disposed rollers ~ 
finish -expanding the casing to its intended final ' 
diameter; if this exemplary expansion apparatus were 
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1 modified by the addition of a further set of rollers 

2 conforming to third regime with non- convergent axes, 

3 * : " this further set' of rollers could be utilised for the 

4 purpose of applying traction forces to the apparatus by 

5 : - -means "of the principles described in the present 

6 inventor ' s previously published PCT patent application 

7 W093/24728-A1, the contents of which are incorporated 

8 ' herein by ' reference . ' 

9 The rollers ' of said expansion apparatus may each be' 

10 mounted for 'rotation about "its respective rotation axis 

11 substantially without freedom of movement along its 

12 respective rotation axis, or tfhe rollers may each be 

13 mounted for rotaLtidri" about Its respective rotation axis 

14 ' with freedom of movement along its respective rotation 

15 -' axis, preferably within" predetermined limits of 

16 movement. In the" latter case (freedom of along-axis 

17 movement 1 within predetermined limits) , this is 

18 r - * - advantageous in: the particular case of rollers 

19 conforming- to the afore -mentioned second regime (i.e. a 

20 conical array of rollers)' J in that the effective maximum 

21 outside diameter of the rollers depends on the position 

22 of the rollers along tHe axis of the~ expansion 

23 apparatus' and this diameter is" thereby effectively 

24 variable ; ~ this allows relief of radially outwardly 

25 '-directed* forces by longitudinally retracting the 

26 expansion apparatus to' allow the rollers collectively 

27 to move longitudinally in the convergent direction and 

28 hence collectively to retract radially inwards away 

29 " rom the' bore against which they were immediately 

30 previously pressing. 

31 * According to a fourth aspect of the present invention, 

32 there is provided profiling/conjoining apparatus for 

33 profiling or conjoining pipes or other hollow tubular 
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1 articles, said prof i ling/ conjoining apparatus 

2 comprising roller means ; apd . radial urging means. 

3 , selectively operable to urge the roller means radially 

4 outwards of a longitudinal axis of the 

5 prof iling/conj oining apparatus , the .radial urging . means 

6 causing or allowing the roller means to move radially 

7 inwards towards the longitudinal axis of. the . > 

8 profiling/conjoining apparatus when the radial urging 

9 means is not operated, the roller means comprising a 
plurality of individual roller? each mounted for . 
rotation about a respective .rotation axis which is. 
substantially parallel ^^o _the~ longitudinal.' .axis, of the 
: ? ro £ A ?.f ^A? 0 ^ P inin g> .apparatus , the rotation axes, of 

14 the individual rollers being circumf erentially 

15 distributed around the apparatus .and each said rotation 
axis being, radially of f set, from, the .longitudinal, axis 
°?. . the Prof .iling/conj oin. j.ng \apparatus., the 

18 profiling/conjoining, apparatus being selectively,. 

19 rotatable . around its longitudinal." axis to translate the 
roller means across the. bpre of a pipe against which 



10 
11 
12 
13 



16 
17 



20 



21 the roller means is being, radially urged. 
22 
23 



24 
25 
26 
27 
28 



30 



The radial urging means may comprise a respective 
piston on which each said roller, is individually 
rotatably mounted ? _ ? each said piston being slidably .. 
Seal ® d . in T res P ect:Lve . r ad^;iy. extending bore formed 
in a body of the profiling/conjoining apparatus, a. 
radially inner end of each said bore being in fluid 



29 communication with fluid pressure supply means 



31 means. 



selectively pressurisable to operate said radial urging 



32 Alternatively, the radial urging means may comprise bi- 

33 conical race means upon which each said individual 

34 roller rolls in use of the profiling/conjoining 



iSDOCID: <WO 0037766A2_L> 



WO00/37766 PCT/GB99/04225 



10 

1 apparatus, and separation -variation means selectively 

2 operable controllably to vary the longitudinal 

3 separatipn of- the two conical races of the bi-conical 

4 race means whereby correspondingly to vary* the radial 

5 displacement of each said roller rotation axis from the 

6 longitudinal axis of "the profiling/conjoining 

7 apparatus. The separation" variation- means may comprise 

8 hydraulic linear motor means selectively pressurisable 

9 to drive one of said two cones longitudinally towards 

10 and/or away from the other said cone. 

11 Embodiments of *.the • invention will' now be described by 

12 way of example^;, with -'ref erence to ' the - accompanying 

13 drawings wherein : * v - ' 

14 Fig . * 1. is a- plan^view of a f irst -embodiment 

15 of profiling tool r-i. " ' - . * " 

16 Fig. 2 is an elevation of the profiling tool 

17 of Fig. 1; 

18 Fig. '3 is a- sectional perspective view of the 

19 profiling, topl^of Figs.' 1 &' 2, .the- section 
2 0 being taken on the line III -III in* Fig. 2 ; 

21 Fig. 4 is an exploded perspective view of the 

22 prof iling tool of 1 - Figs . l-4 : '; - ' 

23 .Figs; 5A, -5E"; &.5C are simplified sectional 

24 views of three successive stages of operation 

25 of the profiling tool of Figs. 1-4; 

26 Fig. 6 is a. schematic diagram illustrating 

27 . the metallurgical principle underlying the 

28 operational stage depicted in Fig. 5C; 
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1 •; ... figs. 7A .& 7B are illustrations corresponding 

2 tQ Figs.. 5A. & 5B but in respect- of a variant 

3 of -the Figs. 1-4 profiling tool having, two , 

4 rollers instead of three; 

5 Figs. 8A-& 8B are illustrations corresponding : 

6 to Figs. -5A & 5B but -in respect of a variant ■ 

7 .of the . Figs. 1-4 profiling tool having ■■ five 

8 . rollers, instead of three; : ~ ; 

9 Figs. 9A & 9B respectively illustrate 

10 :. -. -starting, and fj±nish.ing stages . of a f irst .. ; ..'.-\ 

11 r - Practical, -application of the Jprofi'ling -tool - : 

12 of Figs. 1-4; 

13 Figs- 10A & 10B .respectively illustrate 

14 starting and finishing stages .of, a second- 

15 practical application of the profiling tool 

16 of , Figs. l.-4;.,- : rr.:.., 



17 Figs. 11A & 11B respectively illustrate 

18 . starting and ..finishing stages of a third, 

19 practical- application of the. prof iling tool 

20 of Figs .,- 1-4.;, .. ■ r . ,-. 

21 Figs. 12A & 12B. respectively illustrate, 

22 starting and finishing stages of a fourth 

23 practical .application of the profiling tool 

24 -. ? f Figs . 1-4 ; 

25 Figs. 13A & 13B respectively illustrate 

26 starting and finishing stages of a fifth 

27 practical application of the profiling tool 

28 of Figs . 1-4 ; 



> 0037766A2_I_> 



WO00/37766 PCT/GB99/04225 



12 

1 - . Figs. 14A & 14B respectively illustrate 

2 starting and finishing stage's of a sixth 

3 practical application of " the prof ilirig ' tool 

4 of Figs. 1-4; 

5 . - Figs. 15A & 15B respectively illustrate 

6 - ' • ..starting and finishing stages of a seventh 

7 . -.- practical application of the profiling tool 

8 - v .. -of Figs . 1-4 " 

9 ■ Figs. 16A & lGB-respfectively" depict starting 
10. • ^ : - and- finishing- stagesi of an : eightli practical 

11 application of the profiling tool of' Figs. I- 

12 r ■ ; • . 4 ; - ... < ■ ■ " - ~- ' r * : ' * ' ' 

13 r . .Figs. 17A & 17Bc"respect ively depict starting 

14 and finishing .stages of "a -ninth ' practical 

15 application of the prof iling 1 ' tool of Figs. 1- 

16 .. ■ 4; > " ; r ' "~ J ' 

17 . . -Fig... 18. schematically -depicts a tenth 

18 - practical- application of the profiling tool 

19 -.of Figs. 1-4; . 1 

2 0 Fig.. 19' schematically depicts ail e'levehth 

21 practical application of- the prof ilin'g tool 

22 of; Figs. l--4~; 

23 Fig. 20 is a longitudinal elevation of a 

24 first embodiment, of expansion tool' in 

25 accordance - with - th£ present invention; 

26 , 

27 Fig. 21 is a longitudinal elevation, to an 

28 enlarged scale, of. part of the" expansion tool 

29 of Fig. 20; 
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Fig. 30 is- a. longitudinal- section- of-.- a- fifth 

2 embodiment of expansion tool in accordance 

3 .with the present invention. 
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Referring first to Figs, i & 2 , these depict a fchree _ 
roller profiling tool 100 ,in accordance with the 
present invention. The tool 100 has a body 102 which - 
xs hollow and generally tubular, with conventional 
screw- threaded end connectors 104. A 106 for connection ' 
to other components (not shown) of a downhole assembly 
The end. connectors, 10.4, : & 106,. are; of reduced diameter 
(compared to the outside diameter., of, the longitudinally 
central, body part .108 of the , ; tool 100) , and together 
wxth three longitudinal flutes 110 on the central body - 
part 108, allow the passage of fluids along the outside 
of the. tool 100 " - The central .body part 108 has three - 
lands .112 defined between the, three flutes no, each 
land 112 being f ormed with: a respective recess 114 to 
hold a respective roller lie (see also Figs. 3 & 4) 
Each of the recesses 114 has parallel sides and extends 
radaally from the ..radially perforated tubular core lis 

of the. tool 100- to^he exfeprinr nf . 

^ «Lne exc.eriQr of the respective land ° 



22 112. Each of the mutually identical rollers 116 is 

23 near-cylindrical and slightly barrelled (i.e. of .sligh- 



tly greater diameter in^its longitudinally 'central' 
region than, at .either lpngijtudinal end, .with a 
generally convex profile having a discontinuity-free 
transition between greatest and least diameters) . Each 
of the rollers. 116 is mounted by- means: of a bearing n 8 
at each end of the respective roller for rotation about 
a respective rotation axis which is parallel to the 
longitudinal axis of the tool 100 and radially offset 
therefrom at 120-degree mutual circumferential 
separations around the central part 108. The bearings 
118 are formed as integral end members of radially 
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1 v Fig'. 21A is an exploded view of the tool part 
2" illustrated iri Fig. 20; 

3 ■ : Fig. 22 is a longitudinal* section of the tool 

4 part illustrated "in Fig. 20; 

5 'Fig. 23 "is a longitudinal section of the 

6 "expansion tool illustrated in Fig. 21; 

7 * Fig'. 24 is an exploded view of *p~art of the 

8 " expansion tool 'illustrated' in * Fig . 20; 

9 Fig / 25 is a' longitudinal section of ah - 

10 i " " alternative form' of 'the tool part illustrated 

11' ; in Fig. 21; 

12 ** Fig. 26 is a longitudinal section of a 

13 ' technical variant' of the tobl part 

14 ' ' illustrated in Fig. 21; 

15 Fig. 27 is a longitudinal elevation of a 

16 second embodiment of expansion tool in* 

17 accordance with the present invention; 

18 " " Figs. 28A, 28B*, & 28C are respectively a 

19 longitudinal section, a longitudin'al 

20 elevation, and a simplified end view of a 

21 third embodiment of expansion tool in' 

22 accordance with the present invention; 

23 "~ Figs. 29A, & 29B are longitudinal sections of 

24 a fourth embodiment of expansion tool in 

2 5 accordance with the present invention, 

26 ^respectively ih "expanded and contracted 

27 configurations*; and 
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1 slidable pistons 12 0, one piston 12 0 being slidably 

2 sealed within each radially extending recess 114. The 
"3 inner end of each piston 120 is exposed to the pressure 

4 of fluid within the hollow core of the tool 100 by way 

5 of the radial perforations in r the tubular core 115; in 

6 use of the tool 100, this fluid pressure will be the 

7 downhole pressure of mud or other liquid within a 

8 drillstring or coiled tubing at or near* the lower end 

9 of which the toll 10 0 will be mounted. Thus by 

10 suitably pressurising the core 115 of the topi 100, the 

11 pistons 120 can be driven radially outwards with a 

12 controllable force which is proportional to the 

13 pressurisation, . and thereby the piston-mounted rollers 

14 116 can be forced against a pipe bore in a manner to be 

15 detailed* below. Conversely, when the, pressurisation of 

16 the core 115 of the tool 100 is reduced to below 

17 whatever is the ambient pressure immediately outside 

18 the tool 100, the pistons 120 (together with the 

19 piston-mounted rollers 116) are allowed to retract 

20 radially back into their respective recesses 114. 

21 (Such retraction can optionally be encouraged, by 

22 suitably disposed springs (not shown) ) . 

23 The principles by which the profiling tool 100 

24 functions. will now be detailed with reference to Figs. 

25 5 and 6. 



26 Fig. 5A is a schematic end view of , the three rollers 

27 116 within the bore of an inner pipe 180, the remainder. 

28 of the tool 100 being omitted for the sake of clarity. 

29 The pipe 180 is nested within an puter pipe 190 whose 
3 0 internal diameter is somewhat greater than the outside 

31 diameter of the inner pipe 180. As depicted in Fig. 

32 5A, the core of the tool 100 has been pressurised just 

33 sufficiently to push the pistons 120 radially outwards 
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1 -'-and -thereby to bring the piston-mounted rollers 116 

2 into contact with the bore of the inner pipe 180, 'but 

3 without at first exerting "any significant' forces bn the 

4 pipe ; 180 . ■ s ■ - - " - 

5 Fig. 5B depicts the next stage of operation of the 

6 profiling tool 100, in which the internal 

7 pressurisatibh of the tool 1 100 is increased 

8 > sufficiently -above its external pressure (i.e. the 

9 pressure 'in-' the regionT between the exterior of the tool 

10 "100* and the bore of the -pipe 180) tsuch" that the rollers 

11 '116 eabh'exert : a ' substantial'' outward ' force , as denoted 

12 by the "arrow- headed vectors superimposed on each roller 

13 116 in Fig .--SB . r ' The- effect -" of - such outward forces on 

14 -''".the roller's ' 11~6 is " ciSrcumf erent ially to' deform the wall 

15 of -the -'inner pip'e r " 180"- ! -(with- 'concomitant ^distortion of 

16 thepipe i80 which is "shbwn in Fig . 5B for the sake of 

17 '± * clarity) c . - ' When the' roller-extended lobes touch the 

18 bore of the outer 1 pipe '190 > -^the inner "pipe 180 is 

19 thereby anchored" against rdtation 'with* respect to the 

20 Pouter pipe f 190," or at least ^constrained against free 

21 relative rotation. By ^simultaneously rotating the 

22 tool 100 around its longitudinal axis "(which will ' 

23 normally be ^substantially coincident with the ~ ' 

24 longitudinal "axis of the pipe 180) ; the circumferential 
25' deformation of the wall o'f- the pipe 180 tends to become 

26 - uniform around the ^pipe . 18 0, and the pipe 180 

27 circumfereritiall'y extends - into substantially uniform 

28 contact with the bore of the outer pipe i90, = as 

29 depicted in Fig 5C . This occurs due to the rollers - 

30 causing rolling compressive yield of the inner pipe 

31 wall to cause reduction in wall thickness, increase in 

32 circumference and consequent increase in" diameter . 
3 3 (Rotation of the tool 100 can be undertaken by any 

34 suitable procedure,' several of which will subsequently 
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1 be described) . Circumferential deformation of the, ; pipe 

2 180 -is initially lelastic and. may subsequently be , - 
3. , plastic, A secondary effect of the process is . to... ., ; 

4 generate compressive hoop stress in the internal , : <- 

5 portion of the inner tube and an interference fit 

6 between the, inner tube and the outer tube. 

7 From the stage depicted in Fig. 5 C wherein, the . inner 

8 pipe 180 has initially been circumf erentia : lly~ deformed 

9 just into ful.L contact .with .the bore ,of the outer pipe 

10 190 (thus removing the previous-, clearance.between the 

11 pipes 180 and, -190.) ; u bu£ without - stretching.; or distortion 

12 ? f th ^ outer, pipe, 1 9 0, /;/ continued ,( and, possibly ; , 

13 increased) internal pressurisatiqn of the tool. 100. in 

14 t conjunction, with, continued rotation- of the : tool 100 (at 

15 the. same rotational, speed, or,at a suitably, different 

16 : _ rotational speed) forces t:he : , inner, pipe 180 outwards 

17 against the resistance r to deformation. ; of the outer pipe 

18 190. 'Since* .the. inner, pipe 180 is ; now backed by the- 

19 outer pipe 1 90 ^with respect tip the,, radially outward-, 

20 forces being applied .by the .rollers 116 ,such ; that the 

21 wal1 of the inner, pipe : 180 i : is now pinched between the 

22 rollers 116 and, the outer, pipe 190 , the mechanism ,o£ 

23 deformation of the pipe 18.0 changes to .compressive ... i 

24 , extension by rolling, (i.e.. the -same thinning/extension 

25 principle cis prevails in conventional steel rolling 

26 mills, as^SQhematically depicted in Fig, 6. wherein the 

27 circular rolling of Figs. 5A-5C has-been opened out .and 

28 developed into an equivalent straight-line rolling .-. 
2 9 procedure to enhance the analogy with steel rolling* 
30' mills) . . , . 



31 
32 
33 



When operation of the tool 100, is terminated and the 
rollers 116 are caused or .allowed to retract radially 
into the body of the tool 100 -thereby to relieve the 
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1 pipes 180 of all contact with the' rollers 116, the 

2 induced compressive hoop' stress created in the "wall of 

3 ;: the inner pipe 180 due tb* the rolling process causes 

4 the inner pipe 18 0 to" remain in contact with the inner 

5 wall of the outer pipe "190 ■ with very high "contact 

6 stresses at their interface. 

7 v Figs . : 7 A & 7B correspond 'to Figs . 5 A St SB, and 

8 schematically depict the' equivalent stages of operation 

9 of a two-roller prof iling* 1 tool (not otherwise shown per 

10 s'e) in order- to illustrate^ £he ef f ects' of using a 

11 prof iling 'tool having fewer than" the 1 three rollers* of 

12 * 1 - the prof ilirig tool" 100 : detailed above . ' b ' 

13 Fic^s . 8A & 8B l also correspond to Figs/' 5A '& J 5B; 'and 

14 schematically' "depict" the'^eqtilvaieht - stages" of "operation 

15 of a; five-roller profiling tboi^ (not otherwise shown 

16 per se) in order to' illustrate the effects of using a 

17 prof iling tool - having more v thari tlie* thrfeie rollers of 

18 the prof iixng tool 100 ~ detailed above "I 

19 " It " should be' noted ; that though th£"very high contact 

20 ■--"*■ '"' r stresses existing "at* the interface of "'the inner pipe 

21 180 and outer pipe' 190 ' may 'caiise : the outer 1 pipie' ' 190 to 

22 expand elastically or plastically, it is not a 

23 requirement of this process that "the outer pipe 190 is 

24 -capable of any expansion "what soever. " The proce sis "would 

25 still result irl the ' high "contact stresses between the 

26 ' v< inner pipe 180 and the* outer' pipe 190 even if the outer 

27 pipe 190 was incapable 1 of ' expansion, eg by being thick 

28 walled, by being encased in cement, or being tightly 
2 9 embedded in a rock formation. 

30 Various practical applications of profiling tools in 

31 accordance with the invention will now be described 
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1 with reference . to Figs.., 9. - 19. The profiling tool 

2 , used : .in these practical, applications may be the ( 

3 ; profiling tool 10 0 detailed above, or, some variant of 

4 such a profiling tool which differs in one, or, more 

5 details without departing from the .scope, of the. 

6 invention. 

7 Fig. 9A schematically depicts the v upper- end, of a first - 

8 . pipe or casing 200 concentrically nested, ,within . the 

9 lower end of .a. second pipe.pr casing. 202- , whose bore 

10 (internal diameter) is,., marginally greater rr than the, 

11 ...outside diameter., of, the first: pipe or casing; 200 . a 

12 profiling tool (not shown), is, located within,, the, upper 

13 end of the first pipe or casing 2 00 where it is 

14 overlapped, by the second pipe . or casing 202.- The . ; - 

15 . .pollers .of the. t profiling tool^are then radially,. r 

16 extended .into contact with .,th^, bore of the . inner pipe 

17 or casing 200-„by means , of , internal pressurisation of 

18 _t;he. prof iling ..tool (or .by any other -suitable means- 

19 which may alternatively . be utilised ,f or fprcing the 

20 rollers radially outwards of the profiling tool) . The 

21 outward f orces : exerted ,by f ,the rollers .on t the bore of a 

22 the first pipe or, casirig . ; 2 00, are . schematically ^depicted- 

23 by . the forc^-vector-depicting .arrows, 204 . , . .., . 

24 From the starting situation., depicted in Fig.. 9A, 

25 f combin^d^with suitable .rotation of . the profiling, .tool 

26 about its longitudinal axis (which is substantially 

21 coincident with .the longitudinal axis of the first pipe 

28 or casing 200) , the finish situation schematically 

29 depicted in Fig. 9B is arrived. at, namely the upper end- 

30 of the inner pipe or casing 200 is profiled by 

31 permanent plastic expansion into conjunction with the 

32 lower end of . the second pipe or casing 202.. Thereby 

33 the twp pipes or casings are permanently conjoined 
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1 ■ without the use of any form- of separate connector- 'and 

2 without the" use of conventional' joining techniques such 

3 as welding. - . 

4 Figs'. 10A & 10B correspond' to Figs. 9A &-9B ' 

5 respectively, and schematically illustrate an optional 

6 -modification * of - the 1 prof iling/conj oining" technique 

7 described with respect to Figs .' 9A & 9B; ' The l% ' 

8 ^modification consists -of applying an adherent coating 

9 206 of hard particulate material to- the -exterior of the 

10 - upper end 1 of the first: : " ( inner) : pipe or - casing 200 prior 

11 to • its location 1 within -the : lower- end of -the second- 

12 *"■■' (outer), 'pipe 'or casing 2 02 v - The * hard particulate 1 -'-' 

13 material -may - consist z o£--' carbide granules, e.g. : tungsten 

14 carbide -granules-such as^are'comnionly used -to -coat 

15 : downhole -reamers . ""In ' the application depicted in Figs . *' 

16 " 10A & iOB, the -hard parfriculate^material is selected 

17 * -i'" : ""f or its crush resistance rather than for - its -abrasive 

18 qualities /—and in particular s the material is selected 

19 ' -for its ability to -interpenetrate -the meeting 'surfaces 

20 ^ -of two -sheets : of steel which are pressed together with 

21 the hard particulate material' sandwiched between the 

22 steel components. Such sandwiching is schematically 

23 ' depicted i : rr Fig. 10B. Tests have -shown 'a surprising 

24 increase' in : fesistarice> td separation "forces ; of pipes or 

25 other articles conjoined by a profiling tbol in ' 

26 - ! ' -accordance with ; the' invention to withstatid,- where a 

27 coating of hard particulate! material was- first 

28 interposed between the parts' being -co'nj oined. It- is 
2 9 - pref erred that -of the whole : area to be coated, only a 

30 minority of the area is actually -covered with the ' 

31 \ : -particulate material/ e.g. 10% of the area. (It is 

32 believed that a higher covering factor actually reduces 

33 the interpenetration effect and hence diminishes the 

34 - * -benefits below the optimum level) ; 



WO 00/37766 



PCT/GB99/04225 



21 

1 : - : Ref erring . now, to Figs . 11A & aiB, these schematically 

2 depict . .an optional, modification of the Fig. 9 , . 

3 conjoining procedure to achieve improved sealing ..^ 

4 between the two conjoined pipes or casings. As 

5 depicted. in Fig. 11A, the modification comprises . 

6 initially „ fitting the exterior^qf the first (inner) 

7 pipe or casing 200 with . a circumferential ly, extending 

8 and part-recessed ductile metal ring 208., which may 

9 ..(for example), be formed of a r suitable copper alloy ( or a 

10 suitable tin/lead alloy.. . The modification, also 

11 comprises initially fitjtifig the exterior of ; the first 

12 (inner;) pipe : or-.casing ,200^ with a circumf erentially 

13 extending -and fully .-.recessed elastomeric, ring .210 . As 

14 - , depicted. in : -.Fig. 11B, .the ? rings -208 and 210 become - 

15 crushed between the ,. two. pipes or .casings 200 & 202- 

16 , after .these .-have been conjoined Jsy the profiling, tool, 

17 and. thereby a -mutual ^ealing-is achieved which may ; be 

18 , expected to -be superior -to the .basic Fig . - 9. arrangement 

19 .in otherwise equal ci : rcumst J ances . In suitable 

2 0 situations, pne pr Qther. r of r the. sealing rings 20 8 and 

21 - 210 ._may.be omitted or x multiplied to aphieve ,a .-necessary- 

22 - or desirable .level of sealing (e , g as in Fig . ,12 )-,.- 

23 Referring now to Figs.. 12A & 12B, these schematically 

24 depict , an arrangement in . which the lower -end of the 

25 second (outer) casing 202. is pre-formed to have a 

26 Reduced diameter so as to function . as a casing hanger. 

27 The upper end .,of .the first (inner)-, casing 200 is . 

28 correspondingly pre-formed to have , an increase^ _ 

29 . diameter which is. complementary to the reduced. diameter 

3 0 of the casing hanger formed at the lower end of the 

31 outer casing 202, as depicted in Fig. 12A. Optionally, 

32 the upper end of the first (inner) casing 200 may be 
3 3 provided with an external seal in the form of an. ^ 

34 elastomeric ring 212 f lushrmounted in a circumferential 
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1 , groove formed in the outer surf ace of the first casing 

2 + 200-. The. arrangement of Fig.. 12 A. differs from the 

3 ^ arrangement .of. Fig. 9A r in. -that the latter arrangement 

4 .requires the pipe or casing . 200- to be positively, held 

5 up. -(to avoid, dropping, down the well out of - its intended 

6 position) until . joined , to . the upper pipe . or casing as 

7 in Fig.. -9B, .whereas -in- the: Eig. 12 A arrangement the 

8 , casing hanger, allows the .inner/ lower casing 200 to be 

9 , lowered into position -and then released -without the 

10 . possibility of dropping . out . of position prior to the 

11 two , casings t .being conjoined by the .profiling tool, as 

12 depicted in . Fig. 12B. . . . . . 

13 . Referring, now to. -Figs,.- 13A 13B, .these schematically 

14 depict another optional: modification of the Fig'. 9 

15 . conjoining procedure in -order,, to achieve, a superior-- 

16 resistance to. post -conjunction separation.- As depicted 

17 in Fig. 13A, the : modification consists of initially 

18 , rt fprming, the bore (inner surface), of, the second (outer) 

19 pipe, or, casing ,202 with* two circumf erentially extending 

20 grooves 214 each having a width which reduces with • ~ 

21 increasing depth. As depicted in Fig. 13B, when the 

22 ; two pipes or casings 200 and 202, have been- conjoined by 

23 . the .profiling , tool . (as .detailed:; with respects to-' Figs-. 

24 . . 9A ; 8c 9B) ., the first : (inner) pipe . or vcasing -200 will 

25 have been plastically, deformed; into the. grooves 214, 

26 thereby increasing the interlocking of the conjoined 

27 pipes ,or casings and extending- their resistance -to 

28 . post -conjunction -separation; While two grooves 214 are 

29 shown in. Figs. 13A & 13B by way of ..example, this" - " 

30 procedure can in suitable circumstances be carried with 

31 one such groove, or with three or more such grooves. 

32 While each of the grooves 214 has been shown with a 

33 preferred trapezoidal cross-section, other suitable * 

34 _ groove cross-sections can be substituted. 
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1 . The superior joint strength of the Fig. 13 arrangement 

2 can be. combined with .the; -superior sealing function of 

3 -.the. Fig. 11 arrangement ■, - as shown in Fig. 14. Fig. 14A 

4 schematically. depicts the pre - j oi nt ing ■ configuration, 

5 -. in which the exterior of the- first . (inner) pipe or - 

6 casing 200. is fitted with a' -longitudinally spaced pair 

7 of circumferential ly extending and part -recessed • 

8 ductile metal rings 2 08, Awhile the bore (inner surface) 

9 of the second (outer) pipe or- casing 2 02 : is formed with 

10 two circumferentially extending grooves' 214' each having 

11 a width which-: reduces with - increasing depth! The 

12 longitudinal spacing of the two grooves -214' is • 

13 substantially the same as the longitudinal spacing of 

14 the seal rings 208 . When the: two pipes * or : casings-are 

15 conjoined by use of the'' profiling tool (as' 

16 schematically depicted in Fag.- 14B)V the first (inner) 

17 - pipe or. casing. .2,0.0- is- not? only 'plastically deformed" 

18 into £he corresponding, grooves" 214 (as in- Fig. 13B)V 

19 but -the metal rings. 208" are • 'crushed into- the- bottoms- of 
2 0 these grooves. 214 "thereby to' form- high grade metal -to- 



21 metal seals. 



c. 



22 In the arrangements : of < Figsr. 9 - <i.4 it is assumed £hat 

23 the second (outer) .. pipe-or^ casing: 20'2 undergoes" little 

24 or no permanent, deformation); which may either be due to 

25 the outer pipe or casing 202 being inherently rigid 

26 compared : to,- the .first (inner) pipe or casing 200, or be 

27 due to the outer pipe or casing being rigidly backed 

28 . (e.g. by cured concrete filling the- arinulus around the 

29 outer -pipe or casing 202), or be due to a combination 

30 ■ of these ,-and/or other reasons: Fig-. 15 schematically 

31 depicts. an alternative situation in'which the second 

32 (outer) pipe or casing 202 does not have the previously 

33 assumed rigidity. As schematically depicted in Fig / 

34 15A, the pre-jointing configuration is merely a "variant 
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1 of the previously -described pipe- joining arrangements, 

2 in ; which the* exterior of t'Kfe- upper end of the first 

3 (inner) ; pipe or casing 200 - is provided wittf two part- 

4 recessed* -metal-'- seal rings- 2 0 8" Xeach mounted in a 

5 * respective "circumferential groove), neither pipe being 

6 otherwise* -modified' l from- its* initial plain^ tubular 

7 - shap£\- " To 'ebnjdin- the 'casings 200 and 202, the 

8 prof iiing fCKDl is operated in a manner which forces the 

9 second (outer) casing- 2 02 through its elastic limit and 

10 into a region "of plastic deformation;- such that when 

11 the conjoining process:-: is ■■ completed-/ bdth casings 

12 retain a-permanent outward set as" J depicted in- Fig/ 15B. 

13 % In each of the - arrangement s* : described^with ref erence to 

14 - Figs / - : '9 - 15; the : b(3re- of -the 'first pipe "or casing 200 

15 was generally smaller than the bore of the second pipe 

16 * or -casing 202. - However /- ; t here are situations where' it 

17 would be necessary or : desirable that these bores be 

18 about mutually eqiial folPowihg conjoining, v and this 

19 requires • variation of the -previously described 
2 0 arrangements >- as- will now -be --detailed . - - 

21 *- In the - arrangement ■.schematically depicted in Fig. 16A, 

22 /iVthe - Idwer -end of the* : second r (outer) pipe or-casing 202 

23 c is pre*- formed to' have an eriiarged diameter , the bore 

24 (inside diameter) of this enlarged end beincg marginally 
2 5 greater than the outside diameter of the first (inner) 

2 6 , pipe or casing 200 intended to be 'conjoined- thereto. 

27 - The -first (inner) pipe or casing 200 has initial 

28 - - dimensions which v are similar or identical to those of 

29 the second pipe or casing 202 (other than for the ' 

30 enlarged end of the pipe or casing 202) . Following use 

31 -of- the prof iling* tool to expand the overlapping ends of 

32 the two pipes or casings, both bores have about the 

33 -..'same- diameter (as depicted ih Fig. 16B) which has 
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1 



..certain, advantages .(e.g;., : a certain minimum bore at 

2 depth in a well. no. longer requires a larger or much 

3 larger bore, at lesser ; depth in the well) .. While : 

4 surface-level pipes can be extended, in this manner 

5 without difficulties in adding- extra; lengths of . pipe, 

6 special techniques, may be- necessary- for .feeding -■ 

7 successive . lengths of casing to, downhole locations when 

8 extending casing in a downhole direction-. .(One- 
9. . possible solution to this requirement may.be provide 

10 successive lengths of casings with a reduced , diameter , 

11 and to expand ,< the,- ent ire, length , of each successive 

12 . length of casing.; to, the-, uniform, bore of -previously - 

13 installed casing, this being achievable by further 

14 .aspects., of -.the, invention. tp..j3e r subsequently described 

15 .by way of example . with reference, to-Eigs. 20 et .seq) . 

16 A modif.icat.ion. of the procedure and arrangement, of Fig. > 

17 16 is schematically depicted in Pig. ' 17 wherein: the end' 

18 of the outer pipe or casing is not .pre -formed, to an ; 

19 enlarged diameter (Fig., 17A) ., It is assumed in this 

20 case that the profiling : .t.oql is capable of exerting : 

21 sufficient outward force through its rollers as to be 

22 capable of ^sufficiently extending -the diameter of the 
outer pipe or Rasing simultaneously with the diametral ■ 
extension of .the inner .-pipe or casing during forming of 

25 . the joint (Fig. 17B),.. ., • . . • 

26 As .well as conjoining pipes or casings, the profiling 

27 tool in accordance with the invention can be utilised 

28 for. other useful purposes such as .will now be detailed 

29 with reference to Figs. 18 .and 19., 

30 In the situation schematically depicted in Fig. 18,. a 

31 riser 220 has a branch 222 which is to be blocked off 

32 while continuing to allow free flow of fluid along the r 



23 
24 
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1 ~ riser' 220; To meet" this ^requirement , a sleeve 224 is 

2 " ""■ ""placed within the riser* 2^0 ifl position to bridge the 
3v - ^ branch '222 . The sleeve 224 initially has ah external 

4 'diameter which is just sufficiently lesb than the 

5 'internal diameter of r t:he~ riser 220 as to allow the 

6 sleeve 224 to be passed along the riser to its required 

7 : location ' Each'' end ; of the sleeve 224 is provided with 

8 external seals 226 -of any "suitable form, e.g. the seals 

9 described with reference to Fig. 11. When the sleeve. " 

10 224 is correctly located across the branch 222, a 

11 profiling- tool (hot 'shown : *in ' Pig . 18 "is applied to 

12 r *each end of the slefeW 224 'to ' expand 'the' sleeve ends 

13 -into -'mechkiiicairy 'anchoring and f luid-sealing contact 

14 - with -the -borie : of the 1 riser 22 0 l ; thus permanently 

15 sealing" the branch (until r such tinie as 'the sleeve may 

16 be milled away "* or -at window may be cut through it) V 

17 Fig. 19 schematically J depicts another alternative* use * 

18 of the profiling tool in accordance with the invention/' 

19 ; ' : in' which a valve requires to be installed within plain 

20 pipe or casing 240 ' (i . e . pip 1 ^ or casing "free "of landing 
21-. "hippies or other me^ris of locating and 'anchoring' 1 

22 dowhhole equipment) . A valve * 242 of a size to"" fit" 1 

23 -' within the pipe or casing 24 ; 0 has a'hollbw 'tubular' 

24 - - sleeve 244 'welded or otherwise secured to one end of 

25 * the' valve. ' The' sleeve '244 Initially has an external 

26 diameter which is just sufficiently less than the 

27 internal diameter of the pipe or casing 24 0 as to allow 

28 the mutually 'attached valve 242 and sleeve 244 to 

29 passed down the pipe or casing 240 to the required 

30 "'location. " The 'end of the sleeve 244 opposite to the 

31 -end attached to the' valve ' 242 * is provided With external 

32 seals 246 of any suitable form, e.g. the seals 

33 'described with reference* to Fig. 11. When the valve 

34 242 is correctly located Where- it' is intended to be 
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1 installed, a profiling tool (not shown in Fig. 19) is * 

2 . . applied to .the , end . of the ■ sleeve opposite the valve 242 

3 <'?.. .expand ( that end of the- sleeve 244 into mechanically. 

4 anchoring and fluids sealing contact with the bore- of 

5 the pipe or , casing- 240,. . An-, optional modification of 

6 the Fig. 19 arrangement is to ; attach an expandable 

7 sleeve to both sides of the valye suchvthat the valve 
8. . cau be anchored and sealed, on -either side instead of 

9 one side only as in Fig. -19..... . .. r .. 



10 Xurning. now .to Ifig. : 20 , - this.^illustrates a, side 

11 ; -^^Y^tipn of .an ..embodiment- of, expansion tool 300 -in 

12 / ^/T co F d - nce ; ^ ith the present, invention . . , The expansion 

13 tool. 300, is an assembly of . „a primary- expansion tool 302- 

14 ^ and a secondary expansion tool ; 3 04 /; - together^ with a - 

15 connector sub 306 which- is not . essential to, the ; 

16 invention but which facilitates mechanical and 

17 hydraulic coupling, .of the ; .-expansion tool 3 00. to the 

18 dpwnhole . end of a .drill string (not .shown) or to the 

19 dpwnhole end of, coiled tubing, (not shown).. The primary: 

20 . expansion tool 3 ;; 02 .is shown separately and to an : 

21 enlarged .scale in Fig ;T; , 2 ; l (and again, in exploded .view,.: 

22 in Fig . 21A). ? The- expansion, tool - 3.0 Q L is shown in.; 

23 longitudinal .section.: in -Fig . 22 , the primary expansion .-. 

24 tool 3 02 is shown separately ( in, longitudinal section in 

25 Fig. .23,.. and the secondary, expansion tool 304 -,is shown . 

26 separately in an, exploded view In Fig. 24. • 

27 From Figs. 20 - 24 it will be seen- that the general 

28 form of the primary expansion tool. 3.02 is that of , a 

29 roller tool externally presenting a conical array of 

30 . four tapered rollers 310 tapering, towards an imaginary , 

31 point (not denoted) ahead of the leading end of the 

32 expansion tool 300, i.e. the right end of the tool ,300 

33 as viewed in Figs . 20 & 21.. . As may be more clearly 
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1 " l : seen'* in* Figs'. 21A, 22, & 23; 'the 'rollers' 310 run on a 

2 ■'•■•'■cohical race 312 • integrally : 'formed L on the surface of 

3 the body- of the primary expansion tool 302; the rollers' 
4" ' l : 310 being constrained - for true tracking ■ by a : 

5 longitudinally slottedcage 314: An end retainer' 316 

6 ' for'the 'rollers 310 is " secured on the screw- threaded 

7 J leading erid'318~of the primary' expansion tool 302 by 

8 means "of a rifig nut 3201- : The trailing end 322 of the 

9 primary expansion tool 3 02 is screw- threaded into the 

10 : leading end 106 of the secondary expansion tool 3 04 to 

11 form -the 1 'composite expansion 'tool 3d6'F' ''Functioning of 

12 the primary expansion tool — 3 00 : "will "be "detailed ' ' l " 

13 subsequently': - - :*■->**■»■- * -' ''■"* - 1 u-; 

14 The secondary expahsibh tool 3 04' -is substantially 

15 identical to the previously 1 detailed 1 profiling tool 100 

16 "(except for one • important' "difference which is' described 

17 below)-, arid -accordingly- those parts bf the secdhdairy 

18 expansion tool 1 3 04 which: are" the 1 same as corresponding 

19 parts of the^ prof iling ' tool '100" "for which are obvious 

20 modifications" thereof ) " are gi'vbn the same reference' 

21 numerals. The' : impbrtant difference in the secondary 

22 'expansion ' tool 304*'with respect to "the" prbfilirig tool 

23 100-is -that the rotation" -axes 1 of - the rollers^ 116 are no 

24 " * r longer exactly parallel v to : the' ; longitudinal axis of' the 

25 tool, but : are 'skewed' such that each individual roller 

26 " rotation axis is tangential' to a respective imaginary 

27 helix, though making only a small angle with respect to 

28 the longitudinal- direction (compare Fig. 24 with Fig. 

29 4). As particularly shown in Figs. 20 and. 24, "the 

30 ' " * direct ion (or "hand") of' the skew of the rollers 116 in 

31 the secondary expansion tool 3 04 is such that the- 

32 conventional" clockwise rotation of the tool (as viewed 

33 from the uphole end of the tool, i.e. the left end as 

34 -viewed in Figs. '20 & '22) is such as to induce a 
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1 reaction against the. bore; of the casing., (not shown in 

2 Figs- 20.. - .24 ) , , v/hich . tend? . not only to rotate the tool 
3 300 around, its longitudinal axis but also to advance 

4 the tool 300 in a longitudinal direction, i.e. to drive 

5 the tool 300 rightwards as viewed .in Figs. 20 & 22. 

6 (The use of skewed bore-cont,acting rollers to . cause a 

7 rotating .downhole tool, to it drive ..itself along t a casing 

8 , .is detailed ..in the afore -mentioned . W093/.2 4728- Al) . 

9 In use of the .expansion, tool 300 to expand .casing (not 

10 shown) previously deployed ,..t t o % ..a., selected downhole 

11 location c in a .well , the tool 300 is lowered , on a 

12 drillstring (not shown) or coiled tubing (not shown) 

13 until the primary expansion tool 3 02 at the leading end 

14 of the. tool... 3,0 0. engages the, uphole, .^nd of ..the. 

15 ... unexpanded .-casing,. ; The. core. .of . the ,tool. 300.. is ... .;. x 
16. pressurised .to force the .roller- carrying pistons,.. 120 

17 radially outwards and hence, to. , f orcje ,,the rollers, 116 

18 „. .into ..firm contact r wi.th. the casing bore-,. The, tool.. .300 

19 is., simultaneously . caused rto. rotate clockwise, (a.3 viewed 
2 0 from its jap'hole .end K .by any .suitable . means (e..g r by, 

21 . rpta.ting the, drills tr,ing , ( if . used) or by actuating, a 

22 downhole mud motor <( not,, shown)., through which the tool 

23 „ 300 is coup Ijed to, the t drillstring. or coiled tubing) t > 

24 . and „this rotation ^combines with the- skew, of ..the pollers 

25 .116 of the., secondary topi, 3.04 to drive : the tool 300. as 

26 a whole, in the downhole direction. The cpnical array 

27 _ .of .rollers . 310 in the primary expansion tool 302 forces 

28 its way into the uphole end of the unexpanded casing 

29 where the combination of thrust (in a downhole 

30 .direction) and rotation rolls the casing into a conical 

31 shape that expands until its inside diameter is just 

32 - greater than the maximum diameter of the array of 

33 . rollers 310 (i.e. the circumscribing diameter of the 

34 array of rollers .310 at its upstream end) . Thereby the 
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I.-. primary expansion tool 302 .functions to bring about the 

2 -.primary or initial expansion of. the casing..: 

3 The secondary expansion tool 304 (which ±s: immediately- 

4 uphole of the primary expansion tool 3 02) is internally 

5 pressurised .to.a pressure ' which not only - ensures- that 

6 > . the rollers 116 contact, the. casing bore with sufficient 

7 force .as to tenable , the longitudinal traction force to 

8 be generated by rotation. of the tool . about its 
9.,, longitudinal axis but oalso forces the pistons 120 

10 * radially .outwards to : an; extent ..that positions the, 

11 piston-carried .rollers ;>116 suf f iciently r radrally • 

12 distant .from the .longitudinal /axis, .of 'the - tool' '304- 

13 ... (substantially ^coincident ::with, .the centreline ~o"f- the 

14 • casing):" as to complete the diametral expansion of the 

15 casing ^tc the intended .final diameter of , the casing. 

16 .Thereby the secondary expansion tool-. 3 04 ..functions- to 

17 . _ - bring about the secondary* expansion of the .casing.: 

18 {-This secondary expansion-. will normally be -the f inal 

19 > expansion, of the casing,:; but if further expansion- ; of 

20 the casing is necessary or desirable, the expansion 

21 tool- 300 -can be driven through the casing again with 
22/-,, rthe rollers -.11,6 .of the secondary expansion tool- -set at - 

23 a greater radial distance from the longitudinal axis of 

24 the tool 3 04, or a larger expansion tool can be driven 

25 through. ,the casing) - While the primary expansion- tool 

26 302 with its; conical array of rollers' 310. is preferred 

27 for initial expansion of casing, the secondary 

28 expansion tool 304, with its . radially adjustable, rollers 

29 c has the advantage- that the final diameter to which- the 

30 ■ -j .casing is expanded .can be selected within a range of 

31 -diameters. Moreover, this final diameter can not only 

32 be, adjusted while the tool 304 is static but can' also 

33 , • be, adjusted during operation of the tool, by suitable 

34 : , adjustment of the extent to which .the interior of the 
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1 : :,tool 304 is pressurised ^bove the pressure arotind, the - 

2 outside .of ..the .tool. .3 04...: rT.his feature also gives- the 

3 necessary compliance to deal with variances in wall 

4 . , thickness. 

5 . Fig. 25 -is/a longitudinal: section of a primary.- 

6 , expansion, tool 402 which is r a* modified version of -the 

7 primary expansion tool 302 (detailed -above -with - ■■; 

8 reference to. : Figs . 2 0 24) ; i - Components of the tool 

9 402 which correspond to components of the ; tool, 302 are -^ 

10 given ..the sarue reference... numeral except that the 

11 leading ?3 " is replaced by leading " 4 " . "The tool 402 

12 is, -essentially, the ^ame . as the . tool; 302 except' that the 

13 . rollers- .410 .are longer /than ..the rollers • 310 , - and -the 

14 „ conical race -412 has' a cone angle; which is less than 

15 . the cone angle of the race 312. (.i.e. the race. 412 

16 tapers- less and . is more rnearly cylindrical than r tKe £ 

17 race. .3.12 ) . As shown. In -Fig ./25 , the trailing (uphole) ' 

18 .end of the tool, 402: is 'broken away. For details hf 

19 : .other parts :of, the tool 402 , • reference should be~ made ; 

20 to. ...the foregoing description of. the tool 302. In 

21 .contrast to .:Figs . 20 -^24 ,;. Fig. 25 also -shows a - 

22 f ragment of. * casing ,4 80* which is undergoing expansion by- 

23 . the tool** 402. ■: :* ;■ : ■ - ' , . c * 

24 Fig. -2 6 is: a longitudinal. .section /of a primary 

25 expansion tool 502 which is a further-modified version' 

26 of the primary expansion tool 302; Components of - "the 

27 tool 502 which correspond to components of the tool 302 

28 . are given the same reference numeral except that the 

29 leading "3" is. replaced by a leading " 5 " . The tool 502 
3 0 : is identical to the tool 4 02. except that the rollers 

31 510 have a length which is somewhat^ less than the - 

32 length of the rollers 410. -This reduced length allows 

33 the rollers 510 some longitudinal freedom within their ' 
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1 windows in the cage 514. Consequently, although 

2 expansion operation of the primary expansion tool 502 

3 is essentially identical . to operation of the: primary 

4 expansion tool. 410 (and - similar .to operation of the 

5 primary expansion ^tqol 310. except for functional ' 

6 variations, occasioned.- by. ; the different conicities of 

7 the respective races) ,, reversal of longitudinal thrust 

8 on the tool 502 (i.e. pulling the tool. 502" uphole 

9 instead of pushing the tool 502 downhole) will cause or 

10 allow.- the rollers 510 to .slide along :the conical race 

11 51,2. t in the. .direction-.pf j.iks? reducing . diameter, thus 

12 allowing the. rollers 510; radially -to 'retract . frbm * the 

13 casing. .bore, as.,, illustrated., in Fig-. 26. ; Such r foller 

14 retraction /frees-. ,the '.tool; 502 : from-., the casing 480 - and 

15 . permits. r f ree, withdrawal of the 'tool 502 in -an 'uphole 

16 direction. whereas the non-retracting rollers 410 of the 

17 tool ,4 02 v.might . possibly^ jam the .tool 40-2 within the 

18 casing 480. f . in the event c of ^attempted . withdrawal of the 

19 tOOl. 402,. • rr; r- ( \ : *' 

20 Turning., now to Fig. 27, .-.this, is a simplified *•*'*■ - 

21 longitudinal elevation of a casing expander assembly 

22 600 for use in downhole expansion of a solid, slotted 

23 , or impprforaf e. metal, tube v6 ; 02 : within a,|casirig. 604 which 

24 lines, a we.1,1.. . The.. casing y expander assembly 6 0 0' is.-a 1 

25 three-stage expansion tool, which, is^ general-ly. similar 

26 (apart frpm the number of .expansion stages) to the two- 

27 stage expansion tool 300 described, above with:' reference 

28 to Figs.. 20 - 24. ^ - - - 

29 In order from its pleading (downhole) end, .the expander 

30 assembly 600 comprises a running/guide assembly 610, a 

31 first-stage conical expander .612 , an inter- stage 

32 coupling 614, a second-stage conical expander -61-6, a 

33 further inter-stage coupling 618, and a third-stage 
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1 cylindrical expander 62 0 ; , . 

2 .The, first -stage conical expander 612 comprises a j 

3 conical array of tapered rollers which may be the same 
as either ..one of the primary expansion' tools 302 or 

5 4 02 , , or which differs • therefrom -in respect ' of the : 

6 . number of rollers and/or ?-in -respect of the "cohe angles 

7 of - the rollers and their race . - ; - : " 

8 ..The second-stage conical- expander 616 is 'an enlarged - 
9- diameter versi:on ; -.of • t^he- f i-rst :t - stage-' conical ' expander 

10 : 612 -dimensioned to provide* the- ; intermediate expansion 

11 stage : ,of 'the three-stage" expansion - assembly "600 7 ; The 

12 r- diameter of • the leading- '(narrow) - end -of the second- 

13 stage. expander 616 (the lower end of the- expander 616 

14 -.-as viewed in Eigv 27) is marginally 'less than /the * ' 

15 diameter of the trailing '(wide) -end --of the f irst-Wtage 

16 expander/, 612 (-.the upper 'end "of " the expander e 6 12 "as" 

17 viewed in Fig. 27) such that the second-stage" expander 

18 616 is not precluded from entering initially expanded 

19 tube 602 resulting from operation of the first-stage" 

20 expander 612. ~c ••> : ■ r. r. . ■ -:.\. .i. ' : • > • 

21 ,-. The third-stage - expander 62 0" Tts a. -generally cylindrical 

22 expander, which, may be .'similar 'either to the prof iling 

23 tool 100 or to -the ; secondary- expansion ' tool : '304 . ' ' 

24 (Although the; rollers of the + third-stage expander 620 

25 - .may.be termed • "cylindrical-" in order to facilitate" 

26 distinction over the conical rollers of the' first-stage 
and second-stage expanders 612 & 616, and although in 
certain circumstances such so-called "cylindrical" 

29 rollers may in fact be truly cylindrical, the rollers 

30 of the cylindrical expander* will ' usually be barrelled 

31 to avoid excessive end stresses'). The' rollers of the 
third-stage expander 620 will' normally be radially 
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1 extended from the body of "the expander 620 by an extent 

2 that the third-stage expander 62 0* rolls the tube 602 

3 '-'into' its final extension" against the inside of ' casing 

4 604', such that rio^ further expansion of the tube 602 is 

5 ' required in 'the'' short ' term"; * 

6 The inter- stage couplings '614 and 618 can be 

7 - const 'itiiteff- 1 by any suitable arrangement that 

8 mechanically couples the "* three expander stages, and. 

9 ^ : ■ (where 'necessary or" desirable) also hydraulically ' 

10 couples ' the stages ; "' J * ""' { 

11 The rollers "df ,? the thirci-stage ^expander '620 may " be * 

12 skewed [ such ■ that 'jtrotMtioh of "the " assembly 6 00 drives 

13 the assembly in a downhole direction; alternatively, 

14 'the rollers may ' be ^dnskew^d 'and ' forward thrust on the 

15 - expanders be provided by" suitable "weights, elg. by^ 

16 • '* drill collars 63 0 immediately A above the assembly' 600. 

17 Where the third-stage 'rollers are skewed, drill collars 

18 can be employed to augment the downhole thrust provided 

19 : * " : by 'rotation of the assembly ^ 6 0 7 0 . 

20 As 'depicted in Fig.' 27, £he 'three -stage expander 

21 assembly 60 0 is suspended 'from" a drill string 64 0 which 

22 - : hdt 'only serves for "transmitting rotation to the 

23 - " 'assembly" 600 but also serves for transmitting 'hydraulic 

24 fluid under pressure to the assembly 600 for radial 

25 extension of the third-stage rollers, for cooling the 

26 assembly' 600 and newly deformed tube 602, and for 
2 7 . -flushing debris out of the work region. 
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In suitable circumstances, the drillstring 64 0 may be 
substituted by coiled tubing (not shown) of a form 
known per se . 
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1 Turning now to Fig.. 28 .(.which is. divided into, three 

2 mutually related Figs, ; ^8A,..28B, & : 28.C) , these.. 

3 illustrate a primary expansion tool 702 which may ; be 

4 summarised as being the primary expansion tool 402 

5 (Fig. 25) with hard steel, bearing. balls 710 substituted 

6 for the rollers 410. Each of the balls 710 runs in a 

7 respective. circumferential, groove. 712, and is located • 
for proper . tracking by a : suitably perforated -cage .714 . 
As with the tool 402, the cage ,714 is. retained, by a 
retainer 716 secured on the. screwr threaded., leading, end . 

11 718 of the tool 702 by means of a ring nut;- 720, .... . 

12 Operation of the tool 702 is functionally similar to 

13 °^ er ^tion ; of ...t^he tool 4.Q2 , as : is illustrated by, the 

14 .expansipn effect of the .topl,702..on.casing..48o! 

15 •.. ;The ?^v: mary e ^Pf n sion ..tool .7. 0^2.. as shown in Figs. 28A - , 

16 28C could h?e modified by ,^he .-substitution of the .series » 
Qf circumferential . ball ,^ racks ..7.1.2 .with "a single spiral r. 
track, (not shown) abound which,^he ..balls 710 .would 
ci^iate, at ever-increasing, radii .to create, the 
requisite expansion forces ..c-n^t he casing, , At. the point ~ 

21 of maximum radius, the balls 710 would be recirculated 

22 back to the. point of . minimum radius. ,- (near the leading 

23 . . end ° f ^ e . -^ po1 ; 7 -02, adjacent, the /retainer 716) . by, . 
means of a channel (np„t .shown) formed, entirely.. within 
the central, body of the tool ,702 in.a form analogous to 
a recirculating ball -screw (known, per se) . . 
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27 Figs. 29A & 29B illustrate a modification. 802. of the 

28 ball -type expansion primary expansion tool 702 of. Fig. 

29 28 analogous to the Fig. 26 modification 502 of the 

30 Fig. 2 5. roller -type primary expansion tool 402. In the 

31 modified ball-type primary expansion tool 802, the hard 

32 steel bearing balls 810 run in longitudinally-extending 

33 grooves 812 instead of the circumferential grooves 712 
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1 *•:. " of the tool 7 02. The ball -guiding perforations in "the 

2 .cage 814 are longitudinally -extended into slots which 
3.*.; '"allow individual .balls 810 "to- take up different 1 

4 - "^ longitudinal positions (and hence different effective 

5 ' "radii) according to whether the tool 802 is being 

6 pushed -downhole ' (Fig ; :~ 2 8A) -br beiing pulled uphole' (Fig. 

7 «2 8B*)'V - In "the latter case / the balls 810 are relieved 

8 from pressure on the Surrounding casing 480 and thereby 

9 ' * 4 .* obvi r ate any risk "of the '* tool 802 becoming jammed in 

10 partly- expanded casing - ~ " 

11 'In th£ profiling and expansion'' tools *• with: controllably 

12 displaceable rollers as " previously described", e :g ." with 

13 reference to Figs-. 4 ! *and : 24 , the ability to obtain and 

14 to utilise -hydraulic pressure may place practical 

15 limits- on the forces- which ; can be exerted by~ the 

16 rollers.- Fig, 30 illustrates a roller-type 

17 expansion/profiling tool J 900 which utilises a 

18 mechanical force-multiplying mechanism to magnify a 

19 force initially produced by 1 controlled hydraulic 

20 : pressure, and • to apply- the magnified force to 

21 pro filing /expanding ' rollers' 902i - Each of the plurality 

22 of rollers 902 (only two being visible fn Fig. 30) has 

23 a longitudinally central' 1 portion wHich 'is near- 

24 cylindrical arid ^slightly- -barrelled (i.e. slightly 

25 -*/ convex )>/ -bounded on either side by end portions which 

26 .are' conical, both end portions tapering from' 

27 conjunction with the central portion to a minimum 

28 diam'eter ait- each end. Rotation of each roller 902 

29 '. about a respective- rotation axis which is parallel to 

30 the longitudinal axis of the tool 900 and at a' 

31 controllably variable radial displacement therefrom is 

32 ensured by a roller-guiding cage 904 of suitable form. 

33 The effective working diameter of the tool 900 is 
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1. .dependent, on ..the (normally equal) radial displacements 

2 . of the. rollers 902. from the longitudinal axis of the 

3 tool 900. (such displacement being -shown at a minimum ir 

4 Fig. 30). .The conical end portions -of each roller 902 

5 each run. on a respective one ,of two conical races 906 

6 and 908 whose longitudinal separation determines -the 

7 . radial displacement of the rollers 9.02... The conical 

8 races 906 and., 908 are coupled -for synchronous .rotation 

9 but variable separation by. means of a splined shaft 910 

10 which is rigid with the upper race 906 and. non- 

11 rotatably slidable in the lower race 908. The tool 900 

12 . has , a . ho:i 4° w core which- hydraulicall-y couples through 

13 :.' ■•, an . WPP er sub .912 to a. drill, string (not : shown) .which'- 

14 . both selectively, rotates the^.tpol 900 -within 

15 surrounding casing 990 which r is to. be . prof i led/ expanded 

16 by the tool 90.0^. and ;< .transmits -'controllable hydraulic 

17 pressure to. the, core of. the tool 900 for controlling 

18 the roller displacement as will- now -be detailed .- 

19 The lower end of the. tool 90Q (with which ..the lower 

20 race 908 is integral ) . is. -formed as hollow cylinder 914 

21 . within which a. piston : 916 ; is slidably -sealed, . The _ 

22 piston 916 is mounted pn the lower -end of a, downward 

23 extension, of the shaft 910,--which is hollow to link 

24 through the tool core and the drillstring : to the 

25 control led. hydraulic pressure The, piston 916 .divides 

26 the cylinder 914 into upper and lower parts. The upper 

27 part. .of ..the cylinder 914 is linked to the controlled- 

28 hydraulic pressure by way of a side port. 918 in the 

29 hollow .shaft 910, just above the piston 916. The .lower 

30 part of the cylinder .914 is vented to .the outside of 

31 the tool 900 through a hollow- sub 920 which constitutes 

32 the lower end of the tool 900 (and which enables 

33 further components, tools, or drillstring (not shown)) 

34 to be connected, below the tool 900). Thereby a 
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1 controllable hydraulic pressure differential* can be 

2 selectively created across the piston 916, with 

3 consequent control of the longitudinal separation :of 

4 the two roller- supporting conical races. 906 and 908 

5 which in turn , controls.. . the , effective rolling diameter 

6 of the tool 900. . , 

7 While certain^ modifications and variations of the 

8 invention have been described above, the invention is 

9 not restricted thereto,, and other modif icatdons and 

10 variations can , b r e adopted- without departing from -the 

11 scope, of the invent ion, as defined, in the . appended 

12 claims . , . -) 
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1 CLAIMS : . 

2 .- a ; A method of profiling a "pipe or other hollow tubular 

3 article, the" method comprising the' steps 'o'f applying a 
roller meaW to a part : of' the pipe" bore selected to be " 

5 profiled, translating the roller means across the' bore 

6 in a direction including a circumferential component 

7 while applying a force to' the roller means' in a ' * 
radially outwards direction with 'respect' to the' 

9 longitudinal • axis of the pipe) T and continuing ' sucfi ' 

10 translation "and -force 'application until "' the pipe is 

11 plastically deformed substantially into the intended 

12 profile. 

13 2. A method according to claim 1 wherein the 

14 deformation of the pipe is accomplished by radial 

15 compression of the pipe wall, or by circumferential 

16 stretching of the pipe wall, or by a combination of 

17 such radial compression and circumferential stretching. 

18 3. A method according to claim 1 or claim 2 wherein 

19 said direction is purely circumferential. 

20 4. A method according to claim 1 or claim 2 wherein 

21 said direction is partly circumferential and partly 

22 longitudinal . 

23 5. A method according to any preceding claim wherein 

24 said roller means is peripherally profiled to be 

25 complementary to the profile into which the selected 

26 part of the pipe bore is intended to be formed. 
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6. A method according to any preceding claim wherein 
the selected part of the pipe bore is remote from an 
29 open end of the pipe, and the method comprises the 
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1 ' further steps of inserting the roller means into the 

2 .open end of the pipe (if : tlie roller means is not 

3 already in the pipe), and transferring ' thfe ' roller means 

4 along the pipe to the. selected location. 

5 - v.: • • ■ ; v • • • • - ' 

6 7. Pl method- as claimed : ih J olaim 6 wherein transfer of 

7 j the- roller means is^ accomplished by' the* step of 

8 • ■ - ■ ' actuating- traction means coupled to'' or f orming part of 

9 -' the roller means and effective to apply along-pipe 

10 ; - " traction forces to the 1 roller means by reaction against 

11 ' parts of ' the pipe bbire' 'adjacent the" roller means. 

12 8-: 'A^meChod* of -''conjoining two pipe's" or other hollow 

13 tubular .articles', 'saiS'method comprising the steps of 

14 ~- locating one of the r 'Ewo pipes within and longitudinally 

15 overlapping one of the vr other of the two pipes ^ applying 

16 ■ - 'roller : means to a part of* the* bore of the inner of the 

17 two ^pipes ~ at- a* location 'where* it' is intended "that the 

18 two pipes be conjoined, translating the roller means 

19 across the - bore' in -a ' direction -ihcludirig a 

20 circumf ereritial '-componerit J wbiile 'applying 1 a radially 

21 'outwardly - directed force to J th : e * roller means/ and 

22 - continuing such* translation and for T ce~ application until 

23 the inner pipe is^ plastically deformed into permanent 

24 contact 1 ' with ; the"- outer 'pipe " and "rs" thereby conjoined 

25 thereto. * ' ' 1 ' * ; - J " 

26 -9. A method according to cl*aim 8 wherein said' 

27 deformation "is accomplished by radial compression of 

28 : the pipe wall; o'r by circumferential' stretching of the 

29 pipe wall-, or by- "a -combination of such radial 
3 0 compression and circumferential stretching. 

31 10. A method- according to claim 8 or claim 9 wherein 

32 said • direction is purely circumferential. 
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1 .11. ,A method according to. claim 8 or claim 9 wherein 

2 said direction is partly. circumferential - and partly 

3 longitudinal. 

4 12. A method according to any of claims 8 to 11 wherein 

5 the lpcatio.n where the .pipes . a^ intended to , be. 

6 conjoined is .remote frpn].„an .accessible^ end of the bore, 

7 and the method comprises /th.e : . further. -steps . of inserting 

8 the roller, means into the.^ciccessible end of the bore 

9 (if the poller . means is not already in the bore) , , and 
transferring,- the roller.ir^ari^.to the intended location. 



10 



11 13 . A mephod according _jto claim- 12 wherein • transfer of 



12 



the 'rqllpr means is. accompli shed. : by r the step of 

13 f actuating traction meana : coupled., to or forming part of 

14 : the roller , means and. effeptive to apply along-bore,, 

15 .., traction forces to , the,, roller t means by reaction ^against 

16 parts of the pipe bore^a^jacent the roller .means ; . 



17 14. Apparatus, for expanding a pipe or other hollow : 

tubular: article ,,s^id j^pparatias. comprising roller, means 
constructed or. ; adapt| ; d .for rolling , deployment against 
t the bore, of the . pipe, ..said roller .means .comprising -at 
least one .set ,qf v . ^individual, ^ mounted f or 

22 rotation about a, respect iye. rotation axis which .is. 

23 generally parallel to the longitudinal axis of the 

24 apparatus, the rotation axes of said at least one set 

25 of rollers being circumf erentially distributed around 

26 the expansion apparatus and each being radially.; of f set 

27 from the longitudinal axis of the expansion .apparatus, 

28 the expansion apparatus being selectively rotatable^ 

29 around its longitudinal axis. ... 



18 
19 
20 
21 



30 
31 



15. Apparatus according to claim 14 -wherein the 
rotation axes of . said. at least one set of rollers : 
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1 conform: to a -first regime- -in which- each said rotation 
2-; . axis, is substantially parallel to .-the -- longitudinal axis 

3 of Tthe apparatus in a'generally cylindrical ■ ;* " ; 

4 . 'configuration. . " - • . - - ; . :-. • 

5 16. Apparatus according to claim 14 wherein the 

6 rotation axes f f of -said. 'at least one set of - rollers ' 

7 conform to -a*"' second- -regime* in which each said' rotation 

8 . axist'lies substantiality 'in * a respective radial - plane 

9 ^including the longitudinal -axis of the- apparatus and 

10 the rotation axes each: '.converge substantially ' towards a 

11 common point substantially on the longitudinal axis of 

12 the apparatus' in a generally conical- configuration-. 

13 17. Apparatus-* according* to * claim 14* wherein the ^ - 

14 rotation* axes of said at. least-. one * set ; of rollers 'c- 

15 conform to a third regime in which each said rotation - 

16 axis is similarly skewed with respect to the 

17 longitudinal" axis of the apparatus'- -in a> generally " 

18 " helical conf iguration, which - is' either" non- convergent 

19 • ;( cylindrical.) or convergent (conical). »" T :. >• . 

20 18. Apparatus according to any of claims 14 to 17 

21 wherein the;- apparatus has only, a.- single, such ?.set of 

22 . rollers. r • : : 4 :- ■ .r. - • ; ! - • 

23 19. Apparatus according to any of claims 14 to 17 

24 wherein the apparatus has a plurality of such>sets of 

25 rollers.:, ... . . * r: 



26 „20:: Apparatus, according to claim 19-wherein the- sets of' 

27 - ' rollers conform to. two.-.or more different ones of the 

28 three regimes of roller axis alignments defined in 
29. - claims 15-17. 
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1 • ,21. Apparatus .according ..to claim 20 wherein - the < ■ 

2.; . - . apparatus ; has a f ;set of Crullers conforming to the second 

3 regime located at leading r-end .of the ^apparatus and 

4 another set of rollers conforming to the first regime 

5 located elsewhere on the apparatus. 



6 22. Apparatus according; ;t r o claim 21 modified by /the 

7 - addition of- a further set oof. rollers conforming to. 

8 T third regime, with non- convergent axes , i this further set 

9 ...of rollers : being utilised -.f ory.the- purpose of applying C 

10 • traction forces- -to. the ^apparatus-, < . „ 

11 22;..: Apparatus - according/ .to - any: t of . claims: 14 to" 21 ; ? . ; 

12 wherein the rollers of said apparatus are each mounted 

13 for rotation; about its.r respective . rotation . axis s L. 

14 substantially, without freedom of movement along it s J I 

15 respective -rotation .axi^ .r . .. t ■ 'r , . -r * 

16 23 , Apparatus according:;to any of claims '14 to 21. ■ 

17 wherein the rollers^ of : said -apparatus : are each , mounted - 

18 for rotation about: its' respect ive*: rotation axis with - ^ 

19 freedom of movement along its respective rotation axis, 

20 24 . \ Apparatus ; according . to . claim:' 23 wherein said - i" ;. 

21 rollers have freedom of movement which is constrained 

22 within predetermined limits of movement. 

23 .25 .--Apparatus for prof iling. or . conj oining pipes or. 

24 other hollow tubular articles, said apparatus / 

25 comprising roller means and radial urging means 

26 selectively operable to, urge - thie t roller- means radially : 

27 outwards of a. longitudinal axis of the apparatus , the 

28 radial urging. means causing or allowing, the roller 

2 9 means to move radially inwards towards, the. longitudinal 

30 axis of the apparatus when the radial urging means is 
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1 , not operated/ the roller .means comprising a plurality 

2 of individual rollers each mounted for rotation- about a 

3 respective rotation axis which is substantially 

4 . parallel- to the longitudinal axis of the apparatus, the 

5 rotation axes of ;. the< individual 1 rollers being '' 

6, * circumf erentially distributed around the " apparatus and 

7 eachu said .rotation-, axis . being radially of f set - from the 

8 longitudinal .-.axis of , the apparatus/ the apparatus being 

9 selectively rotatable around its longitudinal axis to 

10 translate the roller means across the bore of a pipe 

11 against; which, the roller; means r is -being radially urged. 

12 , - o/.— ',o~ ■.:-.</.■ ..■ 

13 26. Apparatus ^acc.ordfng;. to cTaim **2"5 wherein -the Radial - 

14 urging means comprises a respective: piston on which 

15 each said roller is individually rotatably mounted, 

16 each said piston being ISlidably sealed in a respective - 

17 -....radially extending bore - formed In- a body of the ' - " 

18 apparatus, a- radially ; inner^ end" of each s add: bore being 

19 in fluid communication with fluids pressure- 1 supply means 

20 selectively pressurisable to operate said radial urging 

21 ; means..;. . *L > .V: /v : 'V . - . 

22 r ;27. Apparatus according to; claim- 25 wherein 'the radial 

23 urging means comprises .z-bi.-conical race (means c upon : which 

24 each said individual roller rolls in use of the- 1 

25 apparatus, and separation variation means selectively 

26 operable controllably to vary the ■ longitudinal 

27 i separation.. of the -two conical races of the bi-conical 

28 race means whereby correspondingly ■ to vary the radial 

29 displacement of each said roller rotation axis from the 
3 0 longitudinal axis of the apparatus. 

31 28. Apparatus according to claim 27 wherein the 

32 separation variation means comprises hydraulic linear 
. 33 motor means selectively pressurisable to drive one of 
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1 said two cones longitudinally towards and/or away from 

2 _ the . other said; cane.;,. ■ ri •.:.*... . . . 

3 29. A method of- expanding an .inner pipe into an outer 

4 pipe, said method comprising effecting - rolling - 

5 compressive yield of the wall-' of the inner pipe- wall to 

6 cause reduction in, wall ; thickness and subsequent " 

7 . ( increase in., circumference resulting- in •diameter * 

8 increase. .-. \ s • .v. . ■ . -. .. 

9 3,0. A method ;i as jclaimed .in .^lairn 29, where-iri- the .method 

10 generates compressive hoop stress in the inner pipe 

11 i^^^^sulting in ■ an /interference r.f if of the inner pipe 

12 within the outer ■. ■, pipe-. .;,-v.$ r=t x:?. . -\ ; f 

13 ^ 31 -. A methqd as. claimed-^ in -Claim". 30 , whbr^ih~ th^ r - 

14 resulting, interference rfit: can. withstands high level >: 
15.. . , of, longitudinal^ f or ce r result ing from- tensile or 

16, , compressive -stress • _ r: v ^ i -*r . v 

17 32. A method of creating a high pressure seal between' - 

18 an inner pipe and an outer pipe by creating a metal to 

19 metal- interface between. > the pipes by- effecting- rolling — 



20 



compressive yield of r the- inner pipe -within the outer 



21 pipe. • v =-.. -? -'w-.x . '. . i \. 

22 33. A method, as claimed in Claim 32 , 'including the 

23 addition of elastomer or ductile, metal seals : between 

24 . the .inner , pipe -and outer .pipe. 
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